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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS 
 
The release of over five million cubic yards of coal combustion residue from the Tennessee 
Valley Authority’s Kingston, Tennessee facility in December 2008, which flooded more than 
300 acres of land and damaged homes and property, is a wake-up call for diligence on coal 
combustion residue disposal units.  A first step toward this goal is to assess the stability and 
functionality of the ash impoundments and other units, then quickly take any needed corrective 
measures. 
 
This assessment of the stability and functionality of the Progress Energy Carolinas (Progress 
Energy) L.V. Sutton Steam Electric Plant Ash Ponds is based on a review of available 
documents and on the site assessment conducted by Dewberry personnel on February 17, 2011.  
Dewberry assessed two ponds at this facility, the 1971 Pond (referred to in some State 
documents as the 1983 Pond) and the 1984 Pond.  We found the supporting technical 
documentation adequate (Section 1.1.3).  As detailed in Section 1.2.2, there are six 
recommendations based on field observations that may help to maintain a safe and trouble-free 
operation.  
 
In summary, the Sutton 1971 Ash Pond and 1984 Ash Pond are Satisfactory for continued safe 
and reliable operation, with no recognized existing or potential management unit safety 
deficiencies. 
 

PURPOSE AND SCOPE 
 
The U.S. Environmental Protection Agency (EPA) is investigating the potential for catastrophic 
failure of Coal Combustion Surface Impoundments (i.e., management unit) from occurring at 
electric utilities in an effort to protect lives and property from the consequences of a dam failure 
or the improper release of impounded slurry.  The EPA initiative is intended to identify 
conditions that may adversely affect the structural stability and functionality of a management 
unit and its appurtenant structures (if present); to note the extent of deterioration (if present), 
status of maintenance and/or a need for immediate repair; to evaluate conformity with current 
design and construction practices; and to determine the hazard potential classification for units 
not currently classified by the management unit owner or by a state or federal agency.  The 
initiative will address management units that are classified as having a Less-than-Low, Low, 
Significant, or High Hazard Potential ranking (for Classification, see pp. 3-8 of the FEMA 2004 
Federal Guidelines for Dam Safety). 
 
In early 2009, the EPA sent letters to coal-fired electric utilities seeking information on the safety 
of surface impoundments and similar facilities that receive liquid-borne material that store or 
dispose of coal combustion residue.  This letter was issued under the authority of the 
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Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
Section 104(e), to assist the Agency in assessing the structural stability and functionality of such 
management units, including which facilities should be visited to perform a safety assessment of 
the berms, dikes, and dams used in the construction of these impoundments. 
 
EPA requested that utility companies identify all management units including surface 
impoundments or similar diked or bermed management units or management units designated as 
landfills that receive liquid-borne material used for the storage or disposal of residuals or by-
products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler 
slag, or flue gas emission control residuals.  Utility companies provided information on the size, 
design, age and the amount of material placed in the units (See Appendix C). 
 
The purpose of this report is to evaluate the condition and potential of residue release from 
management units for hazard potential classification.  This evaluation included a site visit.  
Prior to conducting the site visit, a two-person team reviewed the information submitted to EPA, 
reviewed any relevant publicly available information from state or federal agencies regarding the 
unit hazard potential classification (if any) and accepted information provided via telephone 
communication with the management unit owner.  Also, after the field visit, additional 
information was received by Dewberry & Davis LLC about the Sutton Ash Ponds that were 
reviewed and used in preparation of this report. 
 
This report presents the opinion of the assessment team as to the potential of catastrophic failure 
and reports on the condition of the management unit(s).   
 
Note:  The terms “embankment”, “berm”, “dike” and “dam” are used interchangeably within 
this report, as are the terms “pond”, “basin”, and “impoundment”.  
 
 

LIMITATIONS 
The assessment of dam safety reported herein is based on field observations and review of 
readily available information provided by the owner/operator of the subject coal combustion 
residue management unit(s).  Qualified Dewberry engineering personnel performed the field 
observations and review and made the assessment in conformance with the required scope of 
work and in accordance with reasonable and acceptable engineering practices.  No other 
warranty, either written or implied, is made with regard to our assessment of dam safety. 
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1.0 CONCLUSIONS AND RECOMMENDATIONS 
 

1.1 CONCLUSIONS 

Conclusions are based on visual observations from a one-day site visit on 
February 17, 2011, and review of technical documentation provided by Progress 
Energy. 

1.1.1 Conclusions Regarding the Structural Soundness of the Management 
Unit(s) 

The dike embankments and spillway appear to be structurally sound based 
on a review of the engineering data provided by the owner’s technical staff 
and Dewberry engineers’ observations during the site visit.  We note that 
one area along the 1971 ash pond embankment did have a factor of safety 
at the minimum acceptable value. 

1.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the 
Management Unit(s) 

Adequate capacity and freeboard exists to safely pass the design storm. 

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical 
Documentation 

The supporting technical documentation is adequate.  Engineering 
documentation reviewed is referenced in Appendix A.  

1.1.4 Conclusions Regarding the Description of the Management Unit(s) 

The description of the management unit provided by the owner was an 
accurate representation of what Dewberry observed in the field. 
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1.1.5 Conclusions Regarding the Field Observations 

Overall, the visual assessment of the ash pond embankment system is 
satisfactory; however, up to 12-inch diameter trees and numerous shrubs 
were found on the outer slope of the south embankment of the 1971 Ash 
Pond (State ID No. NEWHA-004) adjacent to the canal.  The 1971 Ash 
Pond is active.  Although this pond does not receive ash sluice 
continuously, it is a NPDES-permitted pond that receives coal ash sluice 
water.  The management or removal of these trees is being coordinated 
with the North Carolina Department of Environment Natural Resources 
(NCDENR).  Within the 1984 Ash Pond (State ID No. NEWHA-005) 
there were also a few areas of minor depressions, non-structural surface 
erosion, and multiple burrows that require remediation.  These areas are 
reportedly being addressed on a regular maintenance schedule.   

In September 2010, an intense local rainfall event of approximately 20 
inches caused minor overflow of the 1984 Ash Pond primary dike leading 
to down cut erosion along the dike exterior.  The dike was temporarily 
repaired under observation and approval of NCDENR at the time of the 
site visit.  (Appendix A: Doc 02 – Ash Pond Summary).  Embankments 
appear structurally sound.  After the site visit, Progress Energy provided a 
completion report and NCDENR’s approval of the repair which was dated 
March 29, 2011.  (See Appendix A, Doc 16: Final Approval to Impound 
and Doc 14: Repair Completion Package.) 

1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 
Operation 

The current maintenance and methods of operation appear to be adequate 
for the ash ponds.  

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring 
Program 

The surveillance program appears to be adequate.  The management unit 
dikes are instrumented.  Piezometers were installed in February of 2009 so 
there is limited data from the instrumentation. 
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1.1.8 Classification Regarding Suitability for Continued Safe and Reliable 
Operation 

The 1984 Ash Pond and 1971 Ash Pond are rated Satisfactory for 
continued safe and reliable operation  

1.2 RECOMMENDATIONS 

1.2.1 Recommendations Regarding the Structural Stability 

A liquefaction potential analysis should be performed.  Also Section B-2 
of the 1971 Ash Pond is marginally acceptable for meeting Minimum 
Factors of Safety for both static and seismic conditions.  We would 
recommend that Progress Energy monitor the slope’s performance and 
potentially add buttressing or take other actions to improve the stability of 
the slope. 

1.2.2 Recommendations Regarding the Field Observations 

The following issues need to be addressed with routine maintenance: 

 Continue coordinating with NCDENR about trees on downstream 
slope to determine a resolution. 

 Re-vegetate downstream embankment where necessary. 

 Re-vegetate interior embankment where recent work has taken 
place. 

 Address burrows along downstream slope. 

 Address rill erosion at locations along downstream embankment. 

 Address undercutting and erosion around outfall. 

1.2.3 Recommendations Regarding Continued Safe and Reliable Operation 

None warranted except those cited above.   
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT 
UNIT(S) 

 
2.1 LOCATION AND GENERAL DESCRIPTION 

The L.V. Sutton Steam Electric Plant and ash ponds are located approximately 3 
miles from Wilmington, NC off of U.S. 421.  Figure 2.1a depicts a vicinity map 
around the plant while Figure 2.1b depicts an aerial view of the facility. 

 

 
Figure 2.1a: L.V. Sutton Steam Electric Plant Vicinity Map 
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Figure 2.1b: L.V. Sutton Steam Electric Plant Aerial View 

Table 2.1: Summary of Dam Dimensions and Size 
  1984 Ash Pond 1971 Ash Pond 
Dam Height (ft) 32 24 
Crest Width (ft) 12 12 
Length (ft) 10,000 7,000 
Side Slopes (upstream) H:V 3:1 3:1 
Side Slopes (downstream) H:V 3:1 3:1 

 

2.2 COAL COMBUSTION RESIDUE HANDLING 

2.2.1 Fly Ash 

Fly ash is collected by an electrostatic precipitator.  The collected ash is 
stored in hoppers and conveyed pneumatically to a silo (see photo below).  
From the silo it is conveyed hydraulically in a pipe to the ash pond.  The 
discharge into the ash pond is continuous.  A flowchart for handling the 
fly ash is shown in Appendix A (Doc 01 – Ash Handling System 
Overview).  

L.V. Sutton 
Plant 

1984 Ash Pond 

1971 Ash Pond 
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Hopper and fly ash sluice line 

2.2.2 Bottom Ash 

Bottom ash is collected from the furnace and conveyed through the same 
pipe as the fly ash into the ash pond. 

2.2.3 Boiler Slag 

Boiler slag is collected from the boiler and is sluiced into the same pipe 
that conveys fly and bottom ash into the ash pond. 

 

Location from where boiler slag is piped  
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2.2.4 Flue Gas Desulfurization Sludge 

No scrubbers are used in this plant so there is no flue gas desulfurization 
(FGD) process or related waste products produced or handled. 

2.3 SIZE AND HAZARD CLASSIFICATION 

The ash pond is impounded by an earthen embankment system consisting of a dike 
configuration.  There are two main ponds handling coal combustion residue (1971 
Ash Pond and 1984 Ash Pond) with an internal dike separating the two.  Reference 
Table 2.1 for dam height, crest width, length and side slopes.  The storage capacity 
corresponding to the top of the embankment for the 1971 Pond is 248 acre-feet and 
the 1984 Pond is 1,364 acre-feet based on the Dam Information Summary dated 
January 25, 2011 provided by Progress Energy (See Appendix A: Doc 02 – Ash 
Pond Summary).  

Table 2.3a: USACE ER 1110-2-106 
Size Classification 

Category 
1984 Ash pond 
Storage (Ac-ft) Height (ft) 

Small 50 and < 1,000 25 and < 40 
Intermediate 1,000 and < 50,000 40 and < 100 
Large > 50,000 > 100 

 
 
Table 2.3b: USACE ER 1110-2-106 
Size Classification 

Category 
1971 Ash Pond 
Storage (Ac-ft) Height (ft) 

Small 50 and < 1,000 25 and < 40 
Intermediate 1,000 and < 50,000 40 and < 100 
Large > 50,000 > 100 

 

Per the Federal Guidelines for Dam Safety dated April 2004, a Significant Hazard 
Potential classification applies to those dams where failure or misoperation results 
in no probable loss of human life, but can cause economic loss, environmental 
damage, disruption of lifeline facilities, or can impact other concerns.  Significant 
hazard potential classification dams are often located in predominantly rural or 
agricultural areas but could be located in areas with population and significant 
infrastructure.  A dam breach analysis and inundation map development was 
performed for the site and the result was that there could potentially be commercial 
properties affected if a breach occurred on the east side of the ash ponds.  
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Table 2.3c: FEMA Federal Guidelines for Dam Safety 
Hazard Classification 
 Loss of Human Life Economic, Environmental, 

Lifeline Losses 
Low None Expected Low and generally limited to owner 
Significant None Expected Yes 
High Probable.  One or more 

expected 
Yes (but not necessary for 
classification) 

 

Considering the low probability of loss of life and potential for 
economic/environmental losses should the ash dam system fail, a Federal Hazard 
Classification of Significant appears to be appropriate for this facility. 

2.4 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE 
UNIT(S) AND MAXIMUM CAPACITY 

Per a response to questions asked by the EPA, the following materials are 
temporarily or permanently contained in the units: 1971 Pond contains fly ash, 
bottom ash, boiler slag, storm water, ash sluice water, coal pile runoff, and 
categorical low volume wastewater; the 1984 Pond contains fly ash, bottom ash, 
boiler slag, and ash sluice water.  The drainage area is assumed to be the surface 
area of the ponds.  

 
Table 2.4: Maximum Capacity of Unit 
 1984 Pond 1971 Pond 
Surface Area (acre) 82 54 
Current Storage Capacity (cubic yards) 2,200,587 400,107 
Current Storage Capacity (acre-feet) 1,364 248 
Total Storage Capacity (cubic yards) 2,463,560 1,092,227 
Total Storage Capacity (acre-feet) 1,527 677 
Crest Elevation (feet) 34 28 
Normal Pond Level (feet) 26 24 

 

2.5 PRINCIPAL PROJECT STRUCTURES 

2.5.1 Earth Embankment 

1971 Pond - Per a geotechnical report from Law Engineering, the ash 
pond was added by constructing a sand fill dike along the north side of the 
discharging canal.  In 1983, the north ash pond dike was modified by 
placing fill on the sides of the existing dike or constructing a new dike.  
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Due to the 1983 modification of the 1971 Ash Pond, the 1971 Ash Pond is 
often referred to as the 1983 Ash Pond.   

Possible ash materials were encountered in borings from a subsurface 
investigation of the 1971 Ash Pond embankment (See Appendix A: 
Doc 11: Slope Stability Analysis).  There is potential that at least a portion 
of the impoundment was built over ash material. 

1984 Pond - The ash pond was constructed of sand fill with one-foot thick 
clay lining the interior face.  The clay lining was covered with a two-foot 
thick protective sand fill.  (See Appendix A: Doc 03: Appendix A – Five-
Year Independent Consultant Inspection, October 29, 1987.) 

No ash materials were documented in the subsurface investigation of the 
1984 Ash Pond embankment.  (See Appendix A: Doc 11: Slope Stability 
Analysis). 

2.5.2 Outlet Structures 

1971 Pond – The outlet consists of a 4’ diameter concrete vertical riser 
connected to a 3’ diameter concrete pipe that would discharge into the 
cooling lake. 

1984 Pond – The outlet consists of a 4’ diameter concrete vertical riser 
connected to a 3’ diameter concrete pipe that discharges into the cooling 
lake.  A gated diversion structure also allows flow to be piped to the Cape 
Fear River. 

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT 

All critical infrastructures were located using aerial photography and might not 
accurately represent what currently exists down-gradient of the site.  Progress 
Energy provided a 5-mile downstream map showing L.V. Sutton Electric Steam 
Plant and associated critical infrastructure that can be found in Appendix A (Doc 
04: Sutton 5-mile Map).  There are numerous roads, businesses, schools, places of 
worship, and other critical areas within the 5-mile radius of the plant.  Not all 
critical infrastructures are labeled for clarity purposes. 
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS 
 

3.1 SUMMARY OF REPORTS ON THE SAFETY OF THE MANAGEMENT UNIT 

Progress Energy has provided their dam inspection procedures which can be found 
in Appendix A (Doc 05: Sutton Dam Inspection Procedure).  Additional annual 
inspections can be found in Appendix A as well. 

The recommendations from the Five-Year Independent Consultant Inspection 
Report, dated December 20, 2007 (Appendix A, Doc 03: Five-Year Independent 
Consultant Inspection): 

1971 Ash Pond 

 Large bushes and brushy vegetation needed to be trimmed before summer 
2008; 

 Progress Energy should continue their tree cutting program; 

1984 Ash Pond 

 Briars and small brush on interior slope need to be removed; 

 Progress Energy should continue their tree cutting program; 

 The east dike repair area should be monitored to verify vegetative growth 
has properly occurred. 

Recommendations from the 2010 Limited (Annual) Field Inspection Report, dated 
December 16, 2010 (Appendix A: Doc 07 – 2010 Annual Inspection): 

 1971 Ash Pond – Plant personnel shall follow up and confirm that water 
level was lowered to meet the recommendation of NCDENR Dam Safety; 

 1971 Ash Pond – A survey was recommended to check the crest elevation 
and then provide any necessary fill to bring the crest back to its original 
elevation of 28.0’; 

 1984 Ash Pond – Locate and fill the animal burrows identified; 

 1984 Ash Pond – A survey was recommended to check the crest elevation 
and then provide any necessary fill to bring the crest back to its original 
elevation of 34.0’.  It was also recommended to survey the crest of the 
interior storage dike and restore that elevation to 42.0’. 
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3.2 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL 
PERMITS 

The dam is inspected by NCDENR Dam Safety and Division of Water Quality.  An 
example of their inspection can be found in Appendix A (Doc 09 – NCDENR 
Inspection). 

Discharge from the impoundment is regulated by the Federal National Pollutant 
Discharge Elimination Program and the impoundment has been issued a National 
Pollutant Discharge Elimination System (NPDES) Permit, No. NC0001422, dated 
December 14, 2006 (See Appendix A: Doc 10 – NPDES). 

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS 

In September of 2010, an intense local rainfall event of approximately 20 inches 
caused minor overflow of the 1984 Ash Pond primary dike leading to down cut 
erosion along the dike exterior.  All ash was contained on site.  At the time of the 
site visit, the dike was temporarily repaired under observation and approval of 
NCDENR and a permanent repair was scheduled to be implemented in 2011 
(Appendix A: Doc 02 – Ash Pond Summary).  After the site visit, Progress Energy 
provided a completion report and NCDENR’s approval of the repair which was 
dated March 29, 2011.  (See Appendix A, Doc 16: Final Approval to Impound and 
Doc 14: Repair Completion Package.) 
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION 
 

4.1 SUMMARY OF CONSTRUCTION HISTORY 

4.1.1 Original Construction 

The 1971 Ash Pond was constructed in 1971 under the direction of Brown 
& Root.  The original crest elevation was 18.0’. 

The 1984 Pond was constructed during 1984 through 1985 by Lindsay and 
Associates under the direction of Carolina Power & Light. 

4.1.2 Significant Changes/Modifications in Design since Original Construction 

In 1983, the 1971 Ash Pond dikes were raised 8’ to a new crest elevation 
of 26.0’ to provide additional storage capacity. 

In 2006, additional storage capacity was generated within the 1984 Ash 
Pond by the addition of an interior dike with a crest at 42 feet. 

4.1.3 Significant Repairs/Rehabilitation since Original Construction 

No significant repairs/rehabilitation documentation was provided for the 
1971 Pond. 

The 1984 Pond had some outlet pipe modifications in 2000 when a pipe 
joint opened up under the upstream slope and seepage through the slope 
caused a sinkhole.  In 2001, interior slope repairs were made on the east 
dike to fill areas of wave-action erosion.  Repairs were made in 2007 to 
the interior slope and clay liner on the east side of the pond.  The most 
current repair was the breach due to the 20” rainfall event in September 
2010.  (See Doc 14 – Repair Completion Package and Doc 15 – NCDENR 
Repair Approval in Appendix A.) 

4.2 SUMMARY OF OPERATIONAL PROCEDURES 

4.2.1 Original Operational Procedures 

The ash pond was designed and operated for sedimentation and sediment 
storage of ash.  Plant process waste water, coal combustion waste, coal 
pile stormwater runoff, and stormwater runoff around the facility are 
discharged into the ash pond.  Inflow water is treated through gravity 
settling and deposition.  The treated process water is discharged through a 
passive type of overflow outlet structure.  
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4.2.2 Significant Changes in Operational Procedures and Original Startup 

No documentation was provided describing any significant changes in 
Operating Procedures. 

4.2.3 Current Operational Procedures 

To the best of our knowledge, original operational procedures are in 
effect.  

4.2.4 Other Notable Events since Original Startup 

No additional information was provided. 
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5.0 FIELD OBSERVATIONS 
 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS 

Dewberry personnel Michael Hanson, P.E., and Justin Story, EIT, performed a site 
visit on Thursday, February 17, 2011, with the participants listed in Section 1.3. 

The site visit began at 10:00 AM.  The weather was windy, cool and partly cloudy.  
Photographs were taken of conditions observed.  Please refer to the Dam Inspection 
Checklist in Appendix B for additional information from the site visit.  Selected 
photographs are included here for ease of visual reference.  All pictures were taken 
by Dewberry personnel during the site visit. 

The overall assessment of the dam was that it was in fair condition and only minor 
findings were noted.  

5.2 1971 ASH POND  

5.2.1 Crest 

The crest had no signs of depressions, tension cracking, or other 
indications of settlement or shear failure and appeared to be in satisfactory 
condition; however, there were signs of minor rutting, most likely from 
vehicular traffic.   

5.2.2 Upstream/Inside Slope 

The upstream/inside slopes were not vegetated in many areas.  Progress 
Energy had performed some work within the pond and stated they would 
be seeding when the weather was appropriate. 

5.2.3 Downstream/Outside Slope and Toe 

There were no signs of surficial sloughing along the downstream slope.  
Rill erosion and animal burrows were found in multiple places along the 
embankment.  There were also areas that were bare from recent repairs 
and needed to be seeded.  Up to 12-inch diameter trees and numerous 
shrubs were found on the downstream slope of the south embankment of 
the 1971 Ash Pond adjacent to the canal (see photo below).  The 
management or removal of these trees is being coordinated with the North 
Carolina Department of Environment Natural Resources (NCDENR). 
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Trees along downstream south slope of 1971 ash pond. 

5.2.4 Abutments and Groin Areas 

The ash pond embankment consists of a dike system completely 
surrounding the 1971 Ash Pond; therefore, the earthen embankment does 
not abut existing hillsides, rock outcrops or other raised topographic 
features. 

5.3 1984 ASH POND 

5.3.1 Crest 

The crest had no signs of depressions, tension cracking, or other 
indications of settlement or shear failure, and appeared to be in 
satisfactory condition; however, there were signs of minor rutting, most 
likely from vehicular traffic.  As reported by J. Mark Frederick, Plant 
Manager of Progress Energy’s Sutton Steam Electric Plant, the increased 
vehicular traffic, especially in the area of the overflow repair, contributed 
to the rutting. He also stated once construction of the  minor overflow 
repair was complete, the roadway was restored.  
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Vehicular rutting along crest of 1984 ash pond 

 

5.3.2 Upstream/Inside Slope 

 

Upstream slopes along 1984 ash pond to be vegetated, Spring 2011.  Work 
conducted in this area was to repair the small overflow from the 1984 ash 
pond 
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Repair along downstream east slope of 1984 ash pond.  Work conducted in 
this area was to repair the minor overflow from the 1984 ash pond 

 

The upstream slopes were mostly vegetated with tall grasses.  No scarps, 
sloughs, depressions, bulging, or other indications of slope instability or 
signs of erosion were observed. 

5.3.3 Downstream/Outside Slope and Toe 

There were no signs of surficial sloughing along the downstream slope.  
Rill erosion and animals burrows were found in multiple places along the 
embankment.  There were also areas that were bare and need to be seeded. 
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Rill erosion along downstream slope of internal dike of the 1984 Ash Pond 

 

Animal burrows along downstream slope, 1984 Ash Pond 
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5.3.4 Abutments and Groin Areas 

The 1984 Ash Pond embankment consists of a dike system completely 
surrounding the pond; therefore, the earthen embankment does not abut 
existing hillsides, rock outcrops or other raised topographic features. 

5.4 OUTLET STRUCTURES 

5.4.1 Overflow Structure 

The risers for both ponds are described in Section 2.5.2.  

5.4.2 Outlet Conduit 

The visual portion of the outlet conduit was functioning properly with no 
apparent deterioration.  There was minor undercutting around the concrete 
outfall caused by splashing from the raised outfall weir. 

 

Concrete outfall of 1984 Ash Pond where undercutting is present 

5.4.3 Emergency Spillway 

No emergency spillway is present. 

5.4.4 Low Level Outlet 

No low level outlet is present. 
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6.0 HYDROLOGIC/HYDRAULIC SAFETY 
 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 

6.1.1 Flood of Record 

No documentation has been provided about the flood of record.  The Ash 
Pond system is a diked embankment facility having a contributing 
drainage area equal to the surface area of the impoundments; therefore the 
impounded pool would not be anticipated to experience significant flood 
stages.  It was noted that a 20” rain in September of 2010 did cause a 
breach in the 1984 Ash Pond dike.  It was also reported that impounded 
water levels are being maintained at lower elevations since the incident. 

6.1.2 Inflow Design Flood 

According to FEMA Federal Guidelines for Dam Safety, the current 
practice in the design of dams is to use the Inflow Design Flood (IDF) that 
is deemed appropriate for the hazard potential of the dam and reservoir, 
and to design spillways and outlet works that are capable of safely 
accommodating the floodflow without risking the loss of the dam or 
endangering areas downstream from the dam to flows greater than the 
inflow.  The recommended IDF or spillway design flood for a low-hazard, 
intermediate-size structure (See section 2.2), in accordance with the 
USACE Recommended Guidelines for Safety Inspection of Dams ER 
1110-2-106 criteria, is the 100-year to ½ PMF (See Table 6.1.2). 

 

  

Table 6.1.2: USACE Hydrologic Evaluation Guidelines 
Recommended Spillway Design floods 

Hazard Size Spillway Design Flood 

Low 

Small 50 to 100-yr frequency 

Intermediate 100-yr to ½ PMF 

Large ½ PMF to PMF 

Significant 

Small 100-yr to ½ PMF 

Intermediate ½ PMF to PMF 

Large PMF 

High 

Small ½ PMF to PMF 

Intermediate PMF 

Large PMF 
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The Probable Maximum Precipitation (PMP) is defined by the American 
Meteorological Society as the theoretically greatest depth of precipitation 
for a given duration that is physically possible over a particular drainage 
area at a certain time of year.  The National Weather Service (NWS) 
further states that in consideration of our limited knowledge of the 
complicated processes and interrelationships in storms, PMP values are 
identified as estimates.  The NWS has published application procedures 
that can be used with PMP estimates to develop spatial and temporal 
characteristics of a Probable Maximum Storm (PMS).  A PMS thus 
developed can be used with a precipitation-runoff simulation model to 
calculate a probable maximum flood (PMF) hydrograph. 

The 24-hour, 10-sq mi PMP depth is 43 inches.  Since the facility has a 
contributing drainage area equal to the surface area of the impoundment, it 
is anticipated adequate freeboard exists so the facility would not 
experience significant flood states.  The reported maximum discharge 
from the riser into the cooling pond during a 100-year event is 86.69 cfs.  
No other flow values or predicted maximum elevations were provided. 

6.1.3 Spillway Rating 

No spillway rating was provided.  The Ash Ponds are a diked embankment 
facility having a contributing drainage area equal to the surface area of the 
impoundment; therefore, the impounded pool would not be anticipated to 
experience significant changes in elevation.  The outlet structure type is 
unregulated and, given little change in the normal pool elevation, the 
resulting discharge rate is expected to be relatively constant. 

6.1.4 Downstream Flood Analysis 

A dam breach analysis and inundation map development was performed 
for the site and the result was that there could potentially be commercial 
properties affected if a breach occurred on the east side of the ash ponds.  
It was determined that a breach along the western side would result in a 
discharge into the cooling lake, which would have very little effect on the 
water level of the lake (Appendix A: Doc 11 – 71 Ash Pond Inundation 
Report and Doc 13 – 84 Ash Pond Inundation Report). 

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Supporting documentation reviewed by Dewberry is adequate. 

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 

Adequate capacity and freeboard exists to safely pass the design storm.  
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7.0 STRUCTURAL STABILITY 
 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 

7.1.1 Stability Analyses and Load Cases Analyzed 

A stability analysis report for both the 1971 Ash Pond and the 1984 Ash 
Pond, dated March 8, 2011, by MACTEC provides information on the 
structural stability of the dikes.  Steady state (normal) and seismic loading 
conditions were analyzed.  (See Appendix A – Doc 11: Slope Stability 
Analysis for the complete report.)  The analysis results are presented in 
Section 7.1.4, Factors of Safety and Base Stresses.   

7.1.2 Design Parameters and Dam Materials 

The 2011 MACTEC report includes documentation of the shear strength 
design properties for the ash pond embankments, which is included in this 
report and is presented in the following section.  (See Appendix A – 
Doc 11: Slope Stability Analysis for the complete report.)   

Test results showing the strength parameters of the embankments are 
presented below.  The results present generally acceptable values for these 
types of materials. 

 
Table 7.1.2a  

Soil Properties for Stability Analysis (1971 Ash Pond) 

Soil Description (USCS 
Classification) 

Moist 
Unit 

Weight 
(pcf) 

Saturated 
Unit Weight 

(pcf) 

Effective 
Cohesion 

(psf)  

Effective 
Fiction 
Angle 

(degrees) 

Section at B-1 

Dike Fill:  (SM, SP-SM) 120 125 10* 33 

Dike Fill: (SP) 125 130 10* 38 

Dike Fill: (SP) 120 125 0 33 

Foundation: (SP) 120 125 0 32 

Section at B-2 

Dike Fill: (SM) 120 120 0 33 

Dike Fill: (SP) 125 130 0 38 

Dike Fill: (SM, SP-SM) 115 120 0 30 

Possible Ash (Silt): (MH) 100 105 0 25 

Possible Ash (Silt): (MH) 100 105 0 30 

Foundation: (SM) 120 125 0 31 
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Table 7.1.2a  
Soil Properties for Stability Analysis (1971 Ash Pond) 

Soil Description (USCS 
Classification) 

Moist 
Unit 

Weight 
(pcf) 

Saturated 
Unit Weight 

(pcf) 

Effective 
Cohesion 

(psf)  

Effective 
Fiction 
Angle 

(degrees) 

Section at B-3 

Sedimented Ash 100 105 0 30 

Dike Fill 125 130 0 38 

Dike Fill: (SM) 120 125 0 31 

Dike Fill: (SM) 115 120 0 29 

Possible Ash (Silt): 
(ML) 

100 105 0 29 

Foundation: (SM) 120 125 0 33 
*A nominal value of effective cohesion (10 psf) is assigned for analysis to avoid 
low factors of safety associated with shallow slip surface along the face of the 
slope. 

 

Figure 7.1.2a: 1971 Ash Pond – Typical Stability Analysis Section (B-2) 



FINAL 

L.V. Sutton Steam Electric Plant 7-3 
Progress Energy Carolinas, Inc. Coal Combustion Residue Impoundment  
Wilmington, North Carolina Dam Assessment Report  

Table 7.1.2b  
Soil Properties for Stability Analysis (1984 Ash Pond) 

Soil Description (USCS 
Classification) 

Moist Unit 
Weight 

(pcf) 

Saturated 
Unit Weight 

(pcf) 

Effective 
Cohesion 

(psf)  

Effective 
Fiction 
Angle 

(degrees) 

Section at B-1 

Dike Fill:  (Sand) 120 125 10* 35 

Protective Sand Cover 120 125 0 32 

Clay Lining 120 125 150 22 

Foundation: Sand 120 125 0 32 
*A nominal value of effective cohesion (10 psf) is assigned for analysis to avoid low 
factors of safety associated with shallow slip surface along the face of the slope. 

 

Figure 7.1.2b: 1984 Ash Pond – Typical Stability Analysis Section  

 
7.1.3 Uplift and/or Phreatic Surface Assumptions 

Piezometers were installed in 2009 on the 1984 Ash Pond so data is 
limited.  A location map of the piezometer locations can be found in 
Figure 7.1.3a.  Piezometer readings are shown in the Figure 7.1.3b and 
more can be found in Appendix A (Doc 11: Slope Stability Analysis) 
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Figure 7.1.3a:  1984 Ash Pond Piezometer Locations  

 

 

 

 

 

 

 

 

 

 

 

Figure 7.1.3b: 1984 Ash Pond – Summary of Water Levels in Piezometers 
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7.1.4 Factors of Safety and Base Stresses 

Table 7.1.4 – FACTORS OF SAFETY AGAINST SLOPE FAILURE 

 Factor of Safety 

Static Seismic 

1971 Pond – Section B-1 1.64 1.18 

1971 Pond – Section B-1 1.85 1.40 

1971 Pond – Section B-2 1.52 1.03 

1971 Pond – Section B-2 1.78 1.25 

1971 Pond – Section B-2 1.46* 1.01 

1971 Pond – Section B-3 2.51 1.56 

1971 Pond – Section B-3 2.51 1.68 

1984 Pond  2.51 1.56 

1984 Pond  2.51 1.68 

1984 Pond – Original Slope 
Stability Analysis 

1.583 NA 

1984 Pond – MACTEC Slope 
Stability Analysis with Original 
phreatic surface 

1.57 NA 

*A factor of safety of 1.46 meets the minimum requirement of 1.5.  
MACTEC in the Slope Stability Analysis (Doc 11, Appendix A), stated they 
consider this factor of safety acceptable based on the performance of the 
dike and the expectation of closure in the near future.  We concur. 

7.1.5 Liquefaction Potential 

No liquefaction potential documentation was provided. 

7.1.6 Critical Geological Conditions 

The site is located in the Coastal Plain Province and is underlain by Castle 
Hayne Limestone which is eroded through in places to expose the PeeDee 
Formation.  The site falls in the Zone 1 seismic zone according to Corps of 
Engineers with a design earthquake: ah=0.05g.  (Appendix A: Doc 02 – 
Ash Pond Summary).  
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7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Structural stability documentation is adequate; however, we would recommend 
PEC perform a liquefaction analysis to ensure the ponds will not liquefy during 
seismic events 

7.3 ASSESSMENT OF STRUCTURAL STABILITY 

Overall, the structural stability of the 1971 Pond dam and the 1984 Pond dam are 
rated Satisfactory.  However, Section B-2 of the 1971 Ash Pond is marginally 
acceptable for meeting Minimum Factors of Safety for both static and seismic 
conditions.  We would recommend that Progress Energy monitor the slope’s 
performance and potentially add buttressing or take other actions to improve the 
stability of the slope. 
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION 
 

8.1 OPERATING PROCEDURES 

Operational procedures are described in Section 4.2.1.  

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

Maintenance of the dam and project facilities is adequate, although a few 
maintenance items should be addressed.  

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS 

8.3.1 Adequacy of Operating Procedures 

Based on the assessments of this report, operating procedures appear to be 
adequate. 

8.3.2 Adequacy of Maintenance 

Based on the assessments of this report, maintenance procedures appear to 
be adequate. 
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM 
 

9.1 SURVEILLANCE PROCEDURES 

Surveillance procedures include monthly, annual, and five-year inspections. 

Annual Inspections: 

Annual inspections were provided by Progress Energy and can be found in 
Appendix A: Doc 06-08. In addition to the annual inspection by Progress Energy, 
NCDENR conducts an annual inspection. 

Five-Year Inspections: 

Five-Year inspections reports were provided by Progress Energy and can be found 
in Appendix A: Doc 03 - Five-Year Independent Consultant Inspection. 

9.2 INSTRUMENTATION MONITORING 

The 1984 Ash Pond’s piezometer program is described in Section 7.1.3.  The 
piezometers were installed in 2009 and the number and location of the instruments 
is adequate for monitoring the phreatic surface. 

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM 

9.3.1 Adequacy of Inspection Program 

Based on the data reviewed by Dewberry, including observations during 
the site visit, the inspection program is adequate. 

9.3.2 Adequacy of Instrumentation Monitoring Program 

Based on the data reviewed by Dewberry, including observations during 
the site visit, the instrumentation program is adequate. 
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APPENDIX A 
 

Document 1 
 

Ash Handling System Overview 
  



System Purpose 
 
The ash handling system consists of two major components: the bottom ash conveyor and the fly-ash 
conveyor. Because the characteristics of ash are very different from the front to the back of the boiler, 
the collection and transport are separate for the furnace bottom ash and collection points downstream. 
Both systems are essential in complying with air emission permits and eliminating river water pollution. 
Without effective ongoing removal of ash, the boiler unit would require outages to remove the ash. A 
wet bottom ash system collects and removes ash from the furnace. Bottom ash is a mixture of slag, 
clinkers and coarse granular ash. Bottom ash is produced during combustion by impurities contained 
within coal. The system uses water impounding for the following reasons: 
 
· To break up large pieces of slag by thermal shock as they fall into the pool of ambient temperature 
water. 
· To keep the ash and slag submerged so that they do not fuse into large unmanageable masses that 
would result if they were exposed to furnace heat 
 
The fly-ash system collects ash particles that drop out of the flue gas when the gas changes direction 
abruptly in the back pass and air heater ducts and is collected in hoppers along the flue gas outlet 
passage and precipitator. If this ash were allowed to exit at the stack, opacity readings would be out of 
compliance. 
 
 
System Flow Path 
 
Bottom Ash Removal : The bottom ash system begins in the furnace. Ash continuously falls into a water 
impounded ash hopper from the furnace above. The bottom ash hopper, which is designed with sloped 
sides for gravity flow, collects the ash. Water jets assist the removal of ash deposits from the ash 
hopper. The ash is changed to slurry form during the ash removal process. A manually operated vertical 
lifting door (inner door) in the dog house is opened to allow removal of bottom ash. During ash removal 
operations, the inner door and a pneumatically operated bottom ash supply valve are opened and the 
ash slurry is drawn from the hopper through the clinker grinder using a jetpulsion pump. High-pressure 
water from the ash pumps flows through the jetpulsion pump. The jet pump acts as a nozzle, increasing 
the velocity and creating a vacuum inside the jet pump nozzle. The vacuum draws the bottom ash slurry 
from the clinker grinder through the jet pump and discharges to the ash pond. The clinker grinder 
reduces any lumps or clinkers to a size, which will pass through the jetpulsion pump, and into the ash 
sluice line. The ash sluice line, located in a concrete trench below plant grade level, transports the ash 
away from the plant to the ash pond area. 
 
Fly Ash Removal - This system consists of precipitator hoppers, economizer hoppers and  air heater 
hoppers. The economizer hoppers are set directly beneath the economizer where the flue gas is exiting 
the boiler. They are located in a space where the flue gases change direction. This change in direction of 
the gas flow causes large particulates to fall out of the gas and accumulate in the hoppers. The air heater 
hoppers beneath the air pre-heaters have been disconnected from the fly ash system. The discharge 
from the air heater hoppers is piped to the bottom ash and is only set-up when washing the air heaters. 
The precipitator collects ash on the electrically charged plates and electrodes. Rappers and vibrators 
knock the dust off the plates and electrodes where it is collected in the hoppers. Fly ash is pneumatically 
conveyed from each hopper. The airflow necessary for conveying the ash is created by a hydroveyor 



exhauster and air intake valves on each of the lines serving the dust hoppers. The fly ash and conveying 
air mix with water in the 
inlet section of the hydroveyor exhauster and are discharged into an air separator tank. Conveying air 
after being separated from the fly ash is vented to the atmosphere. The ash-water slurry discharges by 
gravity from the air separator to a common header with Unit 2. The ash-slurry mixture is pumped 
through a jet pump to the ash pond. Figure 1 below is an illustration of the fly ash removal system. 
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Ash Pond Summary 
  



 

 
              3301 Atlantic Avenue, Raleigh, NC  27604 

Updated 1-25-11 

DAM INFORMATION SUMMARY 
L.V. Sutton Steam Electric Plant  

Ash Ponds 
New Hanover County, North Carolina 

 
1. Location 
 

Located 3 miles northwest of Wilmington, NC 
Latitude:  N34.2931° (1983 Pond)     N34.2991° (1984 Pond) 
Longitude:  W77.9928° (1983 Pond)     W77.9924° (1984 Pond) 
Latitudes and longitudes taken from NC Dam Safety Inventory listing 

      NC Dam Identification Numbers: NEWHA-004 (1983 Pond); NEWHA-005 (1984 Pond) 
2. Size and Dimensions 

1984 Pond   1983 Pond* 
Length:     10,000 feet   7,000 feet 
Maximum Structural Height:  32 feet    24 feet 
Surface Area (acres):   82 
Storage capacity (acre-feet):  1,364     248 
Size Classification:   Medium   Small 

      Hazard Classification:   Low    Low 
  (Classifications based on NC Dam Safety Regulations and Dam Safety Inventory) 
Regulatory Design Storm  100 yr **   50 yr** 
US Slope:    3 (H):1(V)   3 (H):1(V) 
DS Slope:    3 (H):1(V)   3 (H):1(V) 
Crest Width:    12 feet    12 feet 
Crest Elevation:    34 feet    28 feet 
Design maximum operating level: 32 feet    26 feet 

 Current Operating Level  26 feet    24 feet 
Instrumentation    18 piezometers***   None 
 
* The 1983 pond is listed as the 1971 ash pond in the NC Dam Inventory. 
** 100-year storm is 10 inches over 12 hours.  50-year storm is 9 inches. 
*** Installed in 2009. 
   

3. Geology and Seismicity 
 

Located in Coastal Plain Province. Underlain by Castle Hayne Limestone which is eroded through in 
places to expose the PeeDee Formation 
 
Zone 1 seismic zone according to Corps of Engineers with 
Design Earthquake: ah = 0.05 g  

 
4. Design Information 

 
1983 Pond:  Originally designed by Brown & Root in 1971, raised to present elevation under CP&L 
design with assistance from William Wells.  Limited subsurface exploration.  No information on stability 
or seepage analyses.  No internal drainage. 
 
Outlet works consist of a 4’ diameter concrete vertical riser connected to a 3’ diameter concrete pipe 
through the dike that would discharge to the Cooling Lake.   There are no seepage collars. 
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The capacity of the pond and outlet works is sufficient for a 100-yr storm without overtopping the dike.   
 
1984 Pond:  Designed by CP&L with assistance from William Wells.  Subsurface exploration was 
performed. Stability was re-evaluated by CP&L in 1987, FS = 1.58.  Seepage analysis performed as part 
of design assuming k = 1x10-7 cm/sec for 1-foot thick clay liner with calculated seepage rate of 108 gpm.  
No internal drainage provided.   
 
Outlet works consist of a 4’ diameter concrete vertical riser connected to a 3’ diameter concrete pipe 
through the dike that is connected to piping leading to the Cape Fear River.  There are two seepage 
collars.   
 
The capacity of the pond and outlet works is sufficient for a 100-yr storm without overtopping the dike.   

 
5. Construction History 
 

1983 Pond  
Original construction of north Ash Pond dike done in 1971 under direction of Brown & Root to crest  
elevation of 18.0 feet. In 1983, Dickerson raised north Ash Pond to operating level to elevation 26.0  
feet. Testing was conducted. 
 
1984 Pond 
• Constructed by Lindsay and Associates under direction of CP&L.  Testing was performed.  
• Outlet pipe modifications were provided in 1999 to connect discharge to a pipe leading to the Cape 

Fear River. A pipe joint opened under the upstream slope and seepage through the slope created start 
of sinkhole. Grouting of slope conducted in 2000 along with slip-lining of the pipe for long-term 
protection. 

• Interior slope repairs on east dike provided in summer, 2001 to fill areas of beaching erosion and 
reseed. 

• Additional storage capacity was constructed within the pond area and placed in service during 2006. 
Engineering and design was provided by Withers & Ravenel, and construction by Trans-Ash. This 
area is not included in the NC Dam Safety Inventory. 

• Repairs were made in 2007 to the interior slope and clay liner on the east side of the pond, north end. 
6. Inspection History 

The dam is inspected on 5-year intervals.  Since 2002, site visits have been made on a generally yearly 
basis for limited visual observations. 
 
LAW:   1987, 1997, 2002, 2003, 2004, 2005, 2007, 2008, 2009, 2010 
S&ME:   1992 

 
7. Current Issues 

No significant issues based on the 2010 limited field inspection by MACTEC.  Vegetation was cut in 
2010.  Subsequent to the 2010 inspection, a breach due to localized runoff from very heavy rains  
overtopped a very small portion of the 1984 pond dike occurred in an area containing only sedimented 
ash.  No ash release occurred.  Temporary repairs were made and permanent repairs are to be 
implemented in 2011. 
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8. Overall Condition 
 

The 2010 inspection indicated the dikes are in good condition. No items requiring emergency actions by 
the plant were noted.   
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Site Photographs of Ash Pond   December 2007 
L.V. Sutton Steam Electric Plant         
Wilmington, North Carolina 

 
Photo 1.  1983 Ash Pond – Outlet riser and pond water. 

 
Photo 2.  1984 Ash Pond – Exterior Slope looking northwest. 

 



Site Photographs of Ash Pond   December 2007 
L.V. Sutton Steam Electric Plant         
Wilmington, North Carolina 

 
Photo 3. 1984 Ash Pond – Crest of 1984 dike and exterior slope of 2006 dike. 

 

 
Photo 4. 1984 Ash Pond – Crest and interior slope looking north. 



Site Photographs of Ash Pond   December 2007 
L.V. Sutton Steam Electric Plant         
Wilmington, North Carolina 

 
 

Photo 5.  1984 Ash Pond – Typical interior slope looking south.  Note minor grass growth. 
 

 
 

Photo 6. 1984 Ash Pond – Interior slope newly repaired with rip rap.  Typical of section with good rip rap. 



Site Photographs of Ash Pond   December 2007 
L.V. Sutton Steam Electric Plant         
Wilmington, North Carolina 

 
 

Photo 7.  Ash Pond – Outlet drainage Structure looking northwest. 
 

 
 

Photo 8.  2006 Interior Ash Pond Inlet looking east. 



Site Photographs of Ash Pond   December 2007 
L.V. Sutton Steam Electric Plant         
Wilmington, North Carolina 

 
 

Photo 9.  2006 Outlet Pipe draining into 1984 pond. 
 

 
 

Photo 10.  Ash Pond –Typical exterior slopes of 2006 dike. 



Site Photographs of Ash Pond   December 2007 
L.V. Sutton Steam Electric Plant         
Wilmington, North Carolina 

 

 
Photo 11.  2006 interior Ash Dike –Exterior Slope looking a sink hole. 

 

 
 

Photo 12.  2006 interior Ash Dike – Area of erosion of ash along exterior slope of dike. 
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1.0 Executive Summary 

The Progress Energy L.V. Sutton Plant 83 Ash Pond is a storage area for coal combustion byproducts.  
The 83 Ash Pond Dam is an approximately 24-foot high earthen dam. The impoundment has a normal 
surface area of approximately 54 acres and a maximum storage capacity of approximately 677 acre-feet.  
This report summarizes the dam breach and breach inundation analyses completed for the 83 Ash Pond 
Dam. The analyses were completed for a wet weather failure and a dry weather failure. The breach flood 
wave was routed overland to the east of the impoundment towards the Northeast Cape Fear River.  
Analysis of a breach into the cooling reservoir adjacent to the west was not completed since the available 
storage within the cooling reservoir above normal pool elevation is approximately 4,700 acre-feet.  The 
breach flood wave was routed along the flowpath using Hydrologic Engineering Center – River Analysis 
System (HEC-RAS) version 4.1 (US Army Corps of Engineers, 2010).   
 
These analyses are intended to be conservative, using worst case assumptions related to failure events, for 
use in an Emergency Action Plan for the facility.  Data for the hydraulic analyses were obtained from 
readily available information.  The HEC-RAS model was developed using 3 meter resolution elevation 
data published by the USGS, and the inundation extent of the breach wave was determined from the 
USGS elevation data as well.   
 
Available information indicates that the constructed top width of the embankment is 12 feet and the crest 
elevation is 28 feet North American Vertical Datum of 1988 (NAVD 1988).  The design side slopes are 
3.0 foot horizontal to 1 foot vertical (3H:1V) on the exterior and interior.  The maximum height of the 
dam is 15 feet from crest low point to the downstream toe at an existing ditch, and 24 feet above the 
bottom of the cooling reservoir.  The hydrologic design criterion for the storage area is a 50-year event. 
 
The routing of the flood wave was accomplished using HEC-RAS.  The breach discharge was routed 
overland towards the Northeast Cape Fear River.  The flood wave was retained by US Highway 421. 
 
The breach parameters were developed pursuant to the empirical equations presented by Froehlich (1995) 
following the evaluation of 63 dam breaches.  The breach width estimates were based on a storage 
volume equal to 40 percent of the total capacity of the impoundment.  The bottom width of a trapezoidal-
shaped breach was estimated to be approximately 13 feet.  The bottom elevation of the breach was 
assumed to be at 14 feet NAVD.  Breach section side slopes of 1H:1V were chosen as they represent the 
upper limit of the typical range of values.  The breach development time was estimated to be 0.6 hour. 
 
The breach analyses indicate that the breach of the 83 Ash Pond is not likely to overtop US 421.  The 
majority of flood attenuation occurs in low lying areas adjacent to the embankment, and west of US 421.  
However, it is apparent that a breach of the 83 Ash Pond could potentially affect commercial properties 
adjacent to the eastern side of the embankment.  The location of the potentially affected properties is 
depicted on the inundation maps provided in the Appendix. 
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2.0 Introduction 

This report summarizes dam breach analyses completed for the 83 Ash Pond at the Progress Energy L.V. 
Sutton Plant to determine the extent of the inundation resulting from a dam breach.  Analyses were 
completed using HEC-RAS, version 4.1 (US Army Corps of Engineers, 2010).  Basic pertinent 
information regarding the impoundment and dam is summarized in Table 1. 
 
Table 1.   83 Ash Pond Structure Information 
Impoundment Name 83 Ash Pond
State Dam ID No NEWHA-004
Current Size Classification Small
Current Hazard Classification Low
Location Latitude: 34.2931          Longitude: -77.9928 
County New Hanover 
 Receiving Stream(s) N/A
Impoundment Area 54 acres 
Maximum Dam Height 24 feet (4 ft to 28 ft)
Normal Water Elevation 24 feet NAVD 
Maximum Operating Elevation 26 feet NAVD 
Maximum Depth 12 feet  
Maximum Hydraulic Storage Volume 677 acre-feet (as designed)  (29,490,000 cubic yards)
Material(s) Stored Coal combustion product
Storage status  Unknown
Principal Spillway Riser/Barrel
Emergency Spillway N/A 
Dam Minimum Section Top width: 12 feet,  Interior Slope: 3H:1V, 

Exterior Slope: 3H:1V 
Embankment Materials Earthen

3.0 Description of Facilities and Potentially Impacted Area 

3.1 General 

The 83 Ash Pond Dam is used for storage of coal combustion byproducts produced at the L.V. Sutton 
Plant.  The reservoir has a designed storage capacity of 587 acre-feet (AF) below the maximum operating 
elevation of 26 feet NAVD, and a maximum storage capacity of 677 acre-feet below the the embankment 
crest elevation of 28 feet NAVD.  Information describing the characteristics of the impoundment, 
spillway facilities and maximum dam section are provided in Table 1. 
 
The breach flood wave was routed overland approximately 7,000 feet to a borrow pit located within the 
floodplain of the Northeast Cape Fear River.  US Highway 421 intersects the breach flowpath 
approximately 4,500 feet from the embankment. The analyses included an assessment of the sensitivity of 
the model predictions to various breach parameters and flowable impoundment storage volumes.   
 
Other potential 83 Ash Pond dam breach locations were considered.  However, it was determined that 
potential locations along the western side of the embankment would drain into the cooling reservoir 
which would accommodate the breach without significant rise in water level, since the available storage 
within the cooling reservoir above normal pool elevation is approximately 4,700 acre-feet.    
Consequently, the single breach location along the east side of the embankment was analyzed.   
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Based on available information there appears to be four commercial properties located along the breach 
flowpath between the embankment and US 421.   

3.2 Impoundment and Embankment Characteristics 

The impoundment and embankment characteristics were based on design information presented in the 
1983-1984 Ash Pond Expansion Plan, and aerial imagery.  The interior crest of the embankment was 
digitized from aerial imagery, and then off-set the appropriate distance based on the specified slope and 
bottom elevation.  The digitized features of the pond design were utilized in HEC-GeoRAS to develop an 
elevation-storage volume curve for the pond.  HEC-GeoRAS is an extension of ArcGIS capable of 
analyzing a terrain model for hydraulic analysis.  The elevation – volume curve for the 83 Ash Pond is 
presented in Figure 1.   
 

 
Figure 1.  83 Ash Pond Elevation – Storage Volume Curve 
 
The design top width of the embankment is 12 feet.  The design side slopes are 3H:1V on the interior and 
exterior.  The dam crest is approximately 24 feet above surrounding grade.  Excess water in the reservoir 
is discharged into the cooling water reservoir through a riser and barrel spillway with an maximum 
overflow elevation of 26 ft NAVD.  The hydrologic design criterion for the storage area is a 50-year 
event.  There is no drainage area to the 83 Ash Pond except the 83 Ash Pond dike. 
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4.0 Scope of Investigation 

This report summarizes the results of analyses completed to determine the extent of the inundation 
resulting from a breach of the 83 Ash Pond dam.  The analyses extended as far downstream from the 
impoundment structure in question as significant impacts of a reasonable worst case scenario were 
determined to propagate.  The extent of significant impacts was a site-specific determination, considering 
factors such as: 
 

 sensitivity of impacted features to high water level (human safety, property damage, emergency 
services demands, transportation systems, etc.), and 

 maximum water level relative to naturally occurring high water levels and fluctuations from 
precipitation events. 

 
Assessment of the risk of a dam breach occurrence was not part of this work; nor was detailed 
investigation of the most probable breach location or breach characteristics such as rate of growth, 
dimensions, and other information that would require more detailed geotechnical information including 
site-specific materials investigations, testing and analyses.  The detailed considerations and analyses 
required to develop a quantitative descriptive model of the fluidization of the coal combustion products 
(CCP) stored in this impoundment, the transport and settlement at downstream locations was also not 
included in the scope of this investigation.  Rather, it was assumed that the volume of fluid discharged as 
a result of a breach behaves as water, a Newtonian fluid in hydraulics terminology.  This is a conservative 
assumption because entrainment of solids in the fluids discharged would cause increased energy losses in 
the fluid, resulting in slower velocities, quicker flood wave dissipation due to loss of volume due to solids 
settling and other fluid mechanics considerations. 
 
Recognizing that conservative assumptions regarding breach formation characteristics, conditions at time 
of breach, along with an assumption that the entire impoundment volume is water would create an 
unrealistically conservative prediction, the analyses did include an assumption regarding the fraction of 
the total impoundment volume that would become fluidized and discharged.  Also recognizing that this is 
an assumption, a sensitivity assessment was completed to characterize resultant critical predictions of 
water levels and timing as a function of the assumed storage volume fluidized. 
 
Data for hydraulic model development came from readily available sources including 3 meter elevation 
data from the USGS National Elevation Dataset.   

5.0 Summary of Methods and Approach 

5.1 Hydraulic Analysis 

The hydraulic analyses completed for this study were based predominantly on application of the hydraulic 
model Hydraulic Engineering Center – River Analysis System (HEC-RAS), version 4.1 (USACE HEC, 
January 2010).  HEC-RAS is a general application, one-dimensional model that can perform unsteady 
flow routing through an open channel system that may also include culverts, bridges, levees, tributaries, 
storage areas and traversing dams.  Unsteady flow analyses deals with flow conditions that vary 
temporally and spatially. 
 
For this study, the general approach was to define the impoundment as a HEC-RAS storage area and 
analyze a dam breach using the inline structure option to model the embankment to be breached.  An 
inline structure in HEC-RAS is a structure located perpendicular to the flow direction of the river with 
flow over the structure being analyzed as a weir; for which a breach scenario can be prescribed.   
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5.2 Boundary Conditions 

The inundation resulting from a breach of the embankment was analyzed for two separate weather 
conditions.  For both weather conditions, the boundaries of the hydraulic model were described using a 
specified initial pool elevation in the impoundment and a constant stage at the tailwater of the model.  The 
initial pool elevation for the dry weather scenario was set to the maximum operating elevation of 26 feet 
NAVD.  The initial pool elevation for the wet weather scenario was set to the crest elevation of 28 feet 
NAVD.  The tailwater stage for both conditions was set to 9 feet NAVD.  The tailwater stage was 
assumed to be 2 feet below the bank of the borrow pit located in the floodplain of the Northeast Cape Fear 
River.  

5.3 Embankment Breach  

The breach parameters were developed pursuant to the empirical equations presented by Froehlich (1995) 
following the evaluation of 63 dam breaches.  The breach width estimates were based on a storage 
volume equal to 40 percent of the total capacity of the impoundment.  It was assumed that 40 percent of 
the total water and solids volume of the 83 Ash Pond would flow out of the pond.  The trapezoidal-shaped 
breach bottom width was estimated to be 14 feet for the wet weather failure scenario.  The breach bottom 
width was estimated to be 13 feet for the dry weather failure scenario.  The bottom elevation of the breach 
was assumed to be the elevation of the reservoir bottom, which is approximately 14 feet NAVD.  Side 
slopes of 1H:1V were chosen as they represent the upper limit of the typical range of values.  The breach 
development time was estimated at 0.6 hour.     

5.4 Flood Wave Routing 

The routing of the flood wave from the breach location to the borrow pit located within the floodplain of 
the Northeast Cape Fear River was accomplished by extracting topographical information from elevation 
data available in a 3 meter resolution from the USGS National Elevation Dataset. The GIS dataset was 
converted into a continuous Triangulated Irregular Network (TIN) for the area along the flow paths of the 
flood wave. The flow path centerline was inferred from the TIN. The cross section lines were then drawn 
orthogonal to the inferred direction of flow. The topology of the flow path centerlines and geometry of the 
cross section lines were extracted from the TIN using HEC-GeoRAS version 4.1.1 (USACE HEC, 
September 2005). HEC-GeoRAS is an extension of ArcGIS developed by the USACE to perform spatial 
analysis of TINs, and extract geometric information from the TIN for direct import into a HEC-RAS 
geometry model.  
 
Following the import of the HEC-GeoRAS output file, a storage area element and in-line structure 
element were incorporated into the model to simulate the impoundment and embankment, respectively.  
Additionally, a lateral structure and storage area was added to the model to replicate flow that would exit 
the flowpath and collect within the low lying area located along the eastern portion of the embankment.  
Also US 421 was incorporated into the model as an inline structure.  It was assumed that no culverts 
would allow flow of the breach wave across US 421.  The Manning roughness values for the cross 
sections located along the flow paths were set to 0.08. 

6.0 Model Stability 

Hydraulic models of unsteady flows inherently experience problems with stability of the model 
calculations.  HEC-RAS provides a limited number a means to control instability through input parameter 
selection and model operation control parameters.  The breach model was run for a range of inputs related 
not only to the breach size and rate of development, but other model inputs as well.  Doing so provides for 
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development of a more robust model with regard to stability, as well as providing an assessment of 
sensitivity of the model to the varied inputs. 
 
To increase the stability of the routing model, a pilot channel was added along the entire breach flow path.  
Pilot channels are one of the available options to prevent the model from going unstable at low flows 
(USACE HEC, March 2008).  The pilot channels were given a width of 4 feet and a Manning roughness 
value of 0.2.  The high Manning value was chosen to restrict flow through the pilot channel during 
routing of the flood wave.  Additionally, a pilot flow of 1 cfs was incorporated to provide baseflow within 
the model.  The magnitude of the baseflow was determined as 0.1 percent of the peak discharge, since 
increases in flow conditions greater than a 1,000 times the baseflow conditions cause instability.  Also, 
additional cross sections were interpolated along the flowpath so that the maximum distance between 
cross sections was reduced to 50 feet.  This was required due the numerous steep drops along the 
flowpath, resulting in an overestimation of the water surface elevations in the upper portion of the model.   

7.0 Sensitivity Assessment 

There are several parameters that can be identified as potentially important to determining the prediction 
of results of a dam breach.  Not all, but most, of these are typically inputs to available dam breach models.  
These parameters have a significant amount of uncertainty in what a representative value might be.  In 
addition to these normal uncertainties, modeling of discharges from impoundments that contain material 
such as ash or gypsum that may be fluidized by a breach presents additional uncertainties. 

It is unlikely that all the contents of the 12-ft deep, 54-acre impoundment would become fluidized in the 
event of even an extremely large and rapid embankment breach.  To assess the impacts of the assumption 
regarding the fraction of total volume (solids and pore space water) that would be mobilized, various 
fractions of the total storage volume were assumed to be discharged.  The results of four simulations with 
various fractions of the total storage volume are presented below.  Additionally, model sensitivity to 
breach bottom width, breach development time, and breach side slopes were evaluated.  The results of the 
sensitivity analysis are presented in Tables 2 and 3. 

Table 2.  Results of Sensitivity Analysis for a Dry Weather Breach 
Modification Peak Discharge Rate 

(cubic feet per second) 
Peak Tailwater Stage  
(feet NAVD 1988) 

Time to Initial 
Impact 0.4 Miles 

from Embankment     
(minutes)

None 1,638 21.4 50 
Increased Breach Bottom 

Width by 50% 2,047 22.0 
50 

Reduced Manning’s n 
Coefficient by 50% 1,637 20.9 

45 

Increased Manning’s n 
Coefficient by 50% 1,636 22.2 

55 

Reduced Breach 
Development Time to 0.25 hr 1,814 21.7 

35 

Increased Breach 
Development Time to 0.75 hr 1,571 21.6 

60 
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Table 3.  Peak Breach Discharge versus Discharge Volume for a Dry Weather Breach 
Percent of Total 

Volume 
Peak Discharge Rate  

(cubic feet per second) 
Discharge Volume 

(acre-feet) 
100% 2,235 310.2 
80% 1,938 234.9 
60% 1,867 185.2 
40% 1,638 134.6 

8.0 Summary of Selected Final Analyses  

8.1 Assumptions and Selected Inputs 

The sensitivity assessment indicates that minor changes in the maximum inundation will result from the 
modification of the selected parameters, with the most significant alteration in the breach hydrograph 
resulting from the increase in breach bottom width.  Increasing the breach bottom width by 50 percent 
results in a peak discharge rate increase of 601 cfs (24.0 percent).  The selected HEC-RAS model inputs 
for the final breach analyses are presented in Table 4. 
 
Table 4.  HEC-RAS Model Inputs for Wet Weather Conditions 

Input Value 
Breach Development Time (minutes) 36 
Breach Bottom Width (feet) 14 feet * 
Breach Side Slopes (H:1V) 1 
Breach Bottom Elevation (feet NAVD) 14 feet  
Breach Progression Rate Linear 
Computation time increment (seconds) 60 

* Breach bottom width was estimated to be 16 feet for the dry weather condition. 

8.2 Flood Wave Travel Time and Route of Travel 

It is important for emergency responders to have an estimate of how much time is available in the event 
of a dam failure to take action at various downstream locations.  The available time is not necessarily 
dependent on the time of arrival of the maximum water level, but the critical time is often dependent 
rather on a condition that is typically less clear – when impacts become critical. Perhaps the most 
apparent example of this is when access to an area becomes inundated, affecting the safety of movement 
of the public and emergency service workers.  A default initial impact of 1 foot of inundation was chosen 
since this is a value were egress by automobile becomes difficult. 
 
The flood wave travel time was determined for two initial conditions.  The first initial condition is 
representative of typical dry weather conditions where the pool elevation is set to the maximum operating 
elevation of 26 feet NAVD.  The second initial condition is representative of wet weather conditions 
where the pool elevation is at 28 feet NAVD and failure of the embankment occurs as a result of 
overtopping from high inflow. Flood wave travel time for dry weather and wet weather conditions are 
presented in Tables 4a and 4b. 
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Table 4a.  Flood Wave Travel Time (Dry Weather Conditions) 
 
 

Location 

 
Distance 

Downstream 
(miles)

 
Peak Inundation 

Depth 
(feet)

Time from Start of 
Breach (minutes)

At Initial 
Impacts 

At Peak 
Elevation 

Vacant Lot Adjacent to 
Embankment 

0.1 4.4 35 130 

Near Entrance to First 
Commercial Property 

0.4 4.2 50 160 

Near US 421 0.9 3.0 490 615 
 

Table 4b.  Flood Wave Travel Time (Wet Weather Conditions) 
 
 

Location 

 
Distance 

Downstream 
(miles)

 
Peak Inundation 

Depth 
(feet)

Time from Start of 
Breach (minutes)

At Initial 
Impacts 

At Peak 
Elevation 

Vacant Lot Adjacent to 
Embankment 

0.1 4.7 35 160 

Near Entrance to First 
Commercial Property 

0.4 4.6 55 180 

Near US 421 0.9 3.4 230 335 
 

Due to storage volume of the low lying areas between the breach location and US 421, overtopping of US 
421 is not observed for either scenario.  Discharge and stage hydrographs at the embankment are 
presented for the dry weather condition and the wet weather condition in Figures 2 and 3, respectively.  In 
the dry weather condition, the initial breach flood wave of 6 feet attenuates to 3 feet by the time it reaches 
US 421.  In the wet weather condition, the initial breach flood wave of 6 feet attenuates to 3.4 feet by the 
time it reaches US 421.  Neither condition overtops US 421. 
 

 
Figure 2.  Discharge and Stage Hydrographs at embankment, Dry Weather Breach 
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Figure 3.  Discharge and Stage Hydrographs at embankment, Wet Weather Breach 
 
Stream profiles depicting the effects along the flowpath from the embankment breach for the dry and wet 
weather scenarios are provided in Figures 4 and 5.  The baseline stream profile is shown as well. 
 

Figure 4.  Breach Profile along Flowpath, Dry Weather Breach 
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Figure 5.  Breach Profile along Flowpath, Wet Weather Breach 
 

8.3 Summary of Breach Analysis  

The breach analyses indicate that the breach of the 83 Ash Pond is not likely to overtop US 421.  The 
majority of flood attenuation occurs in low lying areas adjacent to the embankment, and west of US 421.  
However, it is apparent that a breach of the 83 Ash Pond could potentially affect commercial properties 
adjacent to the east of the embankment.  The location of the potentially affected properties is depicted on 
the inundation maps provided in the Appendix. 
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10.0  Abbreviations 

 
AF   acre-feet 
cfs   cubic feet per second 
FEMA   Federal Emergency Management Agency 
ft   feet 
GIS   geographic information system 
HEC-RAS  Hydrologic Engineering Center – River Analysis System 
HW   headwater (HEC-RAS) 
NAVD   National Geodetic Vertical Datum of 1929 
NOAA   National Oceanic and Atmospheric Agency 
PMP   Probable Maximum Precipitation 
RS   River Station (HEC-RAS) 
TW   tailwater (HEC-RAS) 
USGS    United States Geological Survey 
WS   water surface (HEC-RAS)
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1.0 Executive Summary 

The Progress Energy L.V. Sutton Plant 84 Ash Pond is a storage area for coal combustion byproducts.  
The 84 Ash Pond Dam is an approximately 32-foot high earthen dam. The impoundment has a normal 
surface area of approximately 82 acres and a maximum storage capacity of approximately 1,527 acre-feet.  
This report summarizes the dam breach and breach inundation analyses completed for the 84 Ash Pond 
Dam. The analyses were completed for a wet weather failure and a dry weather failure. The breach flood 
wave was routed overland to the east of the impoundment towards the Northeast Cape Fear River.  
Analysis of a breach into the cooling reservoir adjacent to the west was not completed since the storage 
within the cooling reservoir above normal pool elevation is approximately 4,700 acre-feet.  The breach 
flood wave was routed along the flowpath using Hydrologic Engineering Center – River Analysis System 
(HEC-RAS) version 4.1 (US Army Corps of Engineers, 2010).   
 
These analyses are intended to be conservative, using worst case assumptions related to failure events, for 
use in an Emergency Action Plan for the facility.  Data for the hydraulic analyses were obtained from 
readily available information.  The HEC-RAS model was developed using 3 meter resolution elevation 
data published by the USGS, and the inundation extent of the breach wave was determined from the 
USGS elevation data as well.   
 
Available information indicates that the constructed top width of the embankment is 12 feet and the crest 
elevation is 34 feet North American Vertical Datum of 1988 (NAVD 1988).  The design side slopes are 
3.0 foot horizontal to 1 foot vertical (3H:1V) on the exterior and interior.  The maximum height of the 
dam is 20 feet from crest low point to the downstream toe at an existing ditch, and 32 feet above the 
bottom of the cooling reservoir.  The hydrologic design criterion for the storage area is a 100-year event. 
 
The routing of the flood wave was accomplished using HEC-RAS.  The breach discharge was routed 
overland towards the Northeast Cape Fear River.   
 
The breach parameters were developed pursuant to the empirical equations presented by Froehlich (1995) 
following the evaluation of 63 dam breaches.  The breach width estimates were based on a storage 
volume equal to 60 percent of the total capacity of the impoundment.  The bottom width of a trapezoidal-
shaped breach was estimated to be approximately 19 feet.  The bottom elevation of the breach was 
assumed to be at 14 feet NAVD.  Breach section side slopes of 1H:1V were chosen as they represent the 
upper limit of the typical range of values.  The breach development time was estimated to be 0.9 hour. 
 
The breach analyses indicate that the breach of the 84 Ash Pond would likely overtop US 421 by 
approximately 2 feet.  Additionally, it is apparent that a breach of the 84 Ash Pond could potentially 
affect commercial properties located along the flowpath to the east of the embankment.  The locations of 
the properties that could be affected by a potential breach are depicted in the inundation maps provided in 
the Appendix. 
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2.0 Introduction 

This report summarizes dam breach analyses completed for the 84 Ash Pond at the Progress Energy L.V. 
Sutton Plant to determine the extent of the inundation resulting from a dam breach.  Analyses were 
completed using HEC-RAS, version 4.1 (US Army Corps of Engineers, 2010).  Basic pertinent 
information regarding the impoundment and dam is summarized in Table 1. 
 
Table 1.   84 Ash Pond Structure Information 
Impoundment Name 84 Ash Pond
State Dam ID No NEWHA-005
Current Size Classification Medium
Current Hazard Classification Low
Location Latitude: 34.2991          Longitude: -77.9924 
County New Hanover 
 Receiving Stream(s) N/A
Impoundment Area 82 acres 
Maximum Dam Height 32 feet (2 ft to 34 ft)
Normal Water Elevation 26 feet NAVD 
Maximum Operating Elevation 32 feet NAVD 
Maximum Depth 20 feet  
Maximum Hydraulic Storage Volume 1,527 acre-feet (as designed)  (66,520,000 cubic 

yards)
Material(s) Stored Coal combustion product
Storage status  Unknown
Principal Spillway Riser/Barrel
Emergency Spillway N/A 
Dam Minimum Section Top width: 12 feet,  Interior Slope: 3H:1V, 

Exterior Slope: 3H:1V 
Embankment Materials Earthen

3.0 Description of Facilities and Potentially Impacted Area 

3.1 General 

The 84 Ash Pond Dam is used for storage of coal combustion byproducts produced at the L.V. Sutton 
Plant.  The impoundment has a designed storage capacity of 1,364 acre-feet (AF) below maximum 
operating elevation of 32 feet NAVD, and a maximum storage capacity of 1,527 acre-feet below the 
embankment crest elevation of 34 feet NAVD.  Information describing the characteristics of the 
impoundment, spillway facilities and maximum dam section are provided in Table 1. 
 
The breach flood wave was routed overland approximately 6,500 feet to a borrow pit located within the 
floodplain of the Northeast Cape Fear River.  US Highway 421 intersects the breach flowpath 
approximately 4,500 feet from the embankment. The analyses included an assessment of the sensitivity of 
the model predictions to various breach parameters and flowable impoundment storage volumes. 
 
Other potential 84 Ash Pond dam breach locations were considered.  However, it was determined that 
potential locations along the western side of the embankment would drain into the cooling reservoir 
which would accommodate the breach without significant rise in water level, since the available storage 
within the cooling reservoir above normal pool elevation is approximately 4,700 acre-feet.  Consequently, 
the single breach location along the east side of the embankment was analyzed.   



Dam Breach Analysis and Inundation Map Development  MACTEC Project 6468-10-0274 
L.V. Sutton Plant –84 Ash Pond  February 18, 2011 
New Hanover County, North Carolina            Page 3 
 
 

 

 
Based on available information there appears to be four commercial properties located along the breach 
flowpath between the embankment and the borrow pit located within the floodplain of the Northeast Cape 
Fear River.   

3.2 Impoundment and Embankment Characteristics 

The impoundment and embankment characteristics were based on design information presented in the 
1983-1984 Ash Pond Expansion Plan, and aerial imagery.  The interior crest of the embankment was 
digitized from aerial imagery, and then off-set the appropriate distance based on the specified slope and 
bottom elevation.  The digitized features of the pond design were utilized in HEC-GeoRAS to develop an 
elevation-storage volume curve for the pond.  HEC-GeoRAS is an extension of ArcGIS capable of 
analyzing a terrain model for hydraulic analysis.  The elevation – volume curve for the 84 Ash Pond is 
presented in Figure 1.   
 

 
Figure 1.  84 Ash Pond Elevation – Storage Volume Curve 
 
The design top width of the embankment is 12 feet.  The design side slopes are 3H:1V on the interior and 
exterior.  The dam height is approximately 32 feet above surrounding grade to the west of the 
embankment, and approximately 20 feet above surrounding grade to the east of the embankment.  Excess 
water in the reservoir is discharged into the cooling water reservoir through a riser and barrel spillway 
with a variable overflow elevation.  The overflow elevation of the riser is adjusted using 2-foot high 
sections of interlocking concrete cylinders.  The hydrologic design criterion for the storage area is a 100-
year event.  There is no drainage area to the 84 Ash Pond except the 84 Ash Pond dike. 
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4.0 Scope of Investigation 

This report summarizes the results of analyses completed to determine the extent of the inundation 
resulting from a breach of the 84 Ash Pond dam.  The analyses extended as far downstream from the 
impoundment structure in question as significant impacts of a reasonable worst case scenario were 
determined to propagate.  The extent of significant impacts was a site-specific determination, considering 
factors such as: 
 

 sensitivity of impacted features to high water level (human safety, property damage, emergency 
services demands, transportation systems, etc.), and 

 maximum water level relative to naturally occurring high water levels and fluctuations from 
precipitation events. 

 
Assessment of the risk of a dam breach occurrence was not part of this work; nor was detailed 
investigation of the most probable breach location or breach characteristics such as rate of growth, 
dimensions, and other information that would require more detailed geotechnical information including 
site-specific materials investigations, testing and analyses.  The detailed considerations and analyses 
required to develop a quantitative descriptive model of the fluidization of the coal combustion products 
(CCP) stored in this impoundment, the transport and settlement at downstream locations was also not 
included in the scope of this investigation.  Rather, it was assumed that the volume of fluid discharged as 
a result of a breach behaves as water, a Newtonian fluid in hydraulics terminology.  This is a conservative 
assumption because entrainment of solids in the fluids discharged would cause increased energy losses in 
the fluid, resulting in slower velocities, quicker flood wave dissipation due to loss of volume due to solids 
settling and other fluid mechanics considerations. 
 
Recognizing that conservative assumptions regarding breach formation characteristics, conditions at time 
of breach, along with an assumption that the entire impoundment volume is water would create an 
unrealistically conservative prediction, the analyses did include an assumption regarding the fraction of 
the total impoundment volume that would become fluidized and discharged.  Also recognizing that this is 
an assumption, a sensitivity assessment was completed to characterize resultant critical predictions of 
water levels and timing as a function of the assumed storage volume fluidized. 
 
Data for hydraulic model development came from readily available sources including 3 meter elevation 
data from the USGS National Elevation Dataset.   

5.0 Summary of Methods and Approach 

5.1 Hydraulic Analysis 

The hydraulic analyses completed for this study were based predominantly on application of the hydraulic 
model Hydraulic Engineering Center – River Analysis System (HEC-RAS), version 4.1 (USACE HEC, 
January 2010).  HEC-RAS is a general application, one-dimensional model that can perform unsteady 
flow routing through an open channel system that may also include culverts, bridges, levees, tributaries, 
storage areas and traversing dams.  Unsteady flow analyses deals with flow conditions that vary 
temporally and spatially. 
 
For this study, the general approach was to define the impoundment as a HEC-RAS storage area and 
analyze a dam breach using the inline structure option to model the embankment to be breached.  An 
inline structure in HEC-RAS is a structure located perpendicular to the flow direction of the river with 
flow over the structure being analyzed as a weir; for which a breach scenario can be prescribed.   
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5.2 Boundary Conditions 

The inundation resulting from a breach of the embankment was analyzed for two separate weather 
conditions.  For both weather conditions, the boundaries of the hydraulic model were described using a 
specified initial pool elevation in the impoundment and a constant stage at the tailwater of the model.  The 
initial pool elevation for the dry weather scenario was set to the maximum operating elevation of 32 feet 
NAVD.  The initial pool elevation for the wet weather scenario was set to the crest elevation of 34 feet 
NAVD.  The tailwater stage for both conditions was set to 9 feet NAVD.  The tailwater stage was 
assumed to be 2 feet below the bank of the borrow pit located in the floodplain of the Northeast Cape Fear 
River.  

5.3 Embankment Breach  

The breach parameters were developed pursuant to the empirical equations presented by Froehlich (1995) 
following the evaluation of 63 dam breaches.  The breach width estimates were based on a storage 
volume equal to 60 percent of the total capacity of the impoundment.  It was assumed that 60 percent of 
the total water and solids volume of the 84 Ash Pond would flow out of the pond.  The trapezoidal-shaped 
breach bottom width was estimated to be 19 feet for the wet weather failure scenario.  The breach bottom 
width was estimated to be 17 feet for the dry weather failure scenario.  The bottom elevation of the breach 
was assumed to be the elevation of the reservoir bottom, which is approximately 14 feet NAVD.  Side 
slopes of 1H:1V were chosen as they represent the upper limit of the typical range of values.  The breach 
development time was estimated at 0.9 hour.     

5.4 Flood Wave Routing 

The routing of the flood wave from the breach location to the borrow pit located within the floodplain of 
the Northeast Cape Fear River was accomplished by extracting topographical information from elevation 
data available in a 3 meter resolution from the USGS National Elevation Dataset. The GIS dataset was 
converted into a continuous Triangulated Irregular Network (TIN) for the area along the flow paths of the 
flood wave. The flow path centerline was inferred from the TIN. The cross section lines were then drawn 
orthogonal to the inferred direction of flow. The topology of the flow path centerlines and geometry of the 
cross section lines were extracted from the TIN using HEC-GeoRAS version 4.1.1 (USACE HEC, 
September 2005). HEC-GeoRAS is an extension of ArcGIS developed by the USACE to perform spatial 
analysis of TINs, and extract geometric information from the TIN for direct import into a HEC-RAS 
geometry model.  
 
Following the import of the HEC-GeoRAS output file, a storage area element and in-line structure 
element were incorporated into the model to simulate the impoundment and embankment, respectively.  
Additionally, a lateral structure and storage area was added to the model to replicate flow that would exit 
the flowpath and collect within the low lying area located along the eastern portion of the embankment.  
Also US 421 was incorporated into the model as an inline structure.  It was assumed that no culverts 
would allow flow of the breach wave across US 421.  The Manning roughness values for the cross 
sections located along the flow paths were set to 0.08. 
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6.0 Model Stability 

Hydraulic models of unsteady flows inherently experience problems with stability of the model 
calculations.  HEC-RAS provides a limited number a means to control instability through input parameter 
selection and model operation control parameters.  The breach model was run for a range of inputs related 
not only to the breach size and rate of development, but other model inputs as well.  Doing so provides for 
development of a more robust model with regard to stability, as well as providing an assessment of 
sensitivity of the model to the varied inputs. 
 
To increase the stability of the routing model, a pilot channel was added along the entire breach flow path.  
Pilot channels are one of the available options to prevent the model from going unstable at low flows 
(USACE HEC, March 2008).  The pilot channels were given a width of 4 feet and a Manning roughness 
value of 0.2.  The high Manning value was chosen to restrict flow through the pilot channel during 
routing of the flood wave.  Additionally, a pilot flow of 5 cfs was incorporated to provide baseflow within 
the model.  The magnitude of the baseflow was determined as 0.1 percent of the peak discharge, since 
increases in flow conditions greater than a 1,000 times the baseflow conditions cause instability.  A cross 
section located approximately 2,700 feet from the embankment that characterized a ridge along the 
flowpath was converted into an inline structure so that flow over the ridge would be evaluated utilizing 
weir flow equations rather than channel flow equations in order to increase model stability.  Also, 
additional cross sections were interpolated along the flowpath so that the maximum distance between 
cross sections was reduced to 50 feet.  This was required due the numerous steep drops along the 
flowpath, resulting in an overestimation of the water surface elevations in the upper portion of the model.   

7.0 Sensitivity Assessment 

There are several parameters that can be identified as potentially important to determining the prediction 
of results of a dam breach.  Not all, but most, of these are typically inputs to available dam breach models.  
These parameters have a significant amount of uncertainty in what a representative value might be.  In 
addition to these normal uncertainties, modeling of discharges from impoundments that contain material 
such as ash or gypsum that may be fluidized by a breach presents additional uncertainties. 

It is unlikely that all the contents of the 20-ft deep, 82-acre impoundment would become fluidized in the 
event of even an extremely large and rapid embankment breach.  To assess the impacts of the assumption 
regarding the fraction of total volume (solids and pore space water) that would be mobilized, various 
fractions of the total storage volume were assumed to be discharged.  The results of four simulations with 
various fractions of the total storage volume are presented below.  Additionally, model sensitivity to 
breach bottom width, breach development time, and breach side slopes were evaluated.  The results of the 
sensitivity analysis are presented in Tables 2 and 3. 
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Table 2.  Results of Sensitivity Analysis for a Dry Weather Breach 
Modification Peak Discharge Rate 

(cubic feet per second) 
Peak Tailwater Stage  
(feet NAVD 1988) 

Time to Initial 
Impact 0.4 Miles 

from Embankment     
(minutes)

None 4,489 20.4 40 
Increased Breach Bottom 

Width by 50% 5,735 20.9 
40 

Reduced Manning’s n 
Coefficient by 50% 4,729 19.9 

40 

Increased Manning’s n 
Coefficient by 50% 4,726 21.1 

45 

Reduced Breach 
Development Time to 0.25 hr 5,292 20.4 

30 

Increased Breach 
Development Time to 0.75 hr 4,221 20.4 

55 

  
Table 3.  Peak Breach Discharge versus Discharge Volume for a Dry Weather Breach 

Percent of Total 
Volume 

Peak Discharge Rate  
(cubic feet per second) 

Discharge Volume 
(acre-feet) 

100% 5,355 1,193.4 
80% 4,996 962.8 
60% 4,849 731.0 
40% 4,164 497.1 

8.0 Summary of Selected Final Analyses  

8.1 Assumptions and Selected Inputs 

The sensitivity assessment indicates that minor changes in the maximum inundation will result from the 
modification of the selected parameters, with the most significant alteration in the breach inundation 
resulting from the increase in Manning’s n Coefficient.  Increasing the Manning’s n Coefficient by 50 
percent results in a peak inundation increase of 0.7 feet (21.1 feet NAVD).  Increasing the breach bottom 
width by 50 percent results in a peak discharge rate increase of 1,246 cfs (27.8 percent).  The selected 
HEC-RAS model inputs for the final breach analyses are presented in Table 4. 
 
Table 4.  HEC-RAS Model Inputs for Wet Weather Conditions 

Input Value 
Breach Development Time (minutes) 54 
Breach Bottom Width (feet) 19 feet * 
Breach Side Slopes (H:1V) 1 
Breach Bottom Elevation (feet NAVD) 14 feet  
Breach Progression Rate Linear 
Computation time increment (seconds) 60 

* Breach bottom width was estimated to be 17 feet for the dry weather condition. 
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8.2 Flood Wave Travel Time and Route of Travel 

It is important for emergency responders to have an estimate of how much time is available in the event 
of a dam failure to take action at various downstream locations.  The available time is not necessarily 
dependent on the time of arrival of the maximum water level, but the critical time is often dependent 
rather on a condition that is typically less clear – when impacts become critical. Perhaps the most 
apparent example of this is when access to an area becomes inundated, affecting the safety of movement 
of the public and emergency service workers.  A default initial impact of 1 foot of inundation was chosen 
since this is a value were egress by automobile becomes difficult. 
 
The flood wave travel time was determined for two initial conditions.  The first initial condition is 
representative of typical dry weather conditions where the pool elevation is equal to the maximum 
operating elevation of 32 feet NAVD.  The second initial condition is representative of wet weather 
conditions where the pool elevation is at 34 feet NAVD and failure of the embankment occurs as a result 
of overtopping from high inflow.  A breach occurring during wet weather conditions will likely inundate 
US 421 by 1.9 feet.    Flood wave travel time for dry weather and wet weather conditions are presented in 
Tables 4a and 4b. 
 

Table 4a.  Flood Wave Travel Time (Dry Weather Conditions) 
 
 

Location 

 
Distance 

Downstream 
(miles)

 
Peak Inundation 

Depth 
(feet)

Time from Start of 
Breach (minutes)

At Initial 
Impacts 

At Peak 
Elevation 

Vacant Lot Adjacent to 
Embankment 

0.1 5.9 25 75 

Back Lot of First 
Commercial Property 

0.4 5.6 40 75 

US 421 0.9 1.7 65 135 
Borrow Pit  1.1 4.6 90 125 

 
Table 4b.  Flood Wave Travel Time (Wet Weather Conditions) 

 
 

Location 

 
Distance 

Downstream 
(miles)

 
Peak Inundation 

Depth 
(feet)

Time from Start of 
Breach (minutes)

At Initial 
Impacts 

At Peak 
Elevation 

Vacant Lot Adjacent to 
Embankment 

0.1 6.3 25 70 

Back Lot of First 
Commercial Property 

0.4 5.9 40 75 

US 421 0.9 1.9 60 135 
Borrow Pit  1.1 5.0 85 135 

 
Discharge and stage hydrographs at the embankment are presented for the dry weather condition and the 
wet weather condition in Figures 2 and 3, respectively.  In the dry weather condition, the initial breach 
flood wave of 6 feet attenuates to 4.6 feet by the time it reaches the borrow pit located in the floodplain of 
the Northeast Cape Fear River.  In the wet weather condition, the initial breach flood wave of 6 feet 
attenuates to 5.0 feet by the time it reaches the borrow pit located in the floodplain of the Northeast Cape 
Fear River.  Both conditions overtop US 421 by approximately 2 feet. 
 



Dam Breach Analysis and Inundation Map Development  MACTEC Project 6468-10-0274 
L.V. Sutton Plant –84 Ash Pond  February 18, 2011 
New Hanover County, North Carolina            Page 9 
 
 

 

 
Figure 2.  Discharge and Stage Hydrographs at embankment, Dry Weather Breach 
 

 
Figure 3.  Discharge and Stage Hydrographs at embankment, Wet Weather Breach 
 
Stream profiles depicting the effects along the flowpath from the embankment breach for the dry and wet 
weather scenarios are provided in Figures 4 and 5.  The baseline stream profile is shown as well. 
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Figure 4.  Breach Profile along Flowpath, Dry Weather Breach 
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Figure 5.  Breach Profile along Flowpath, Wet Weather Breach 

8.3 Summary of Breach Analysis  

The breach analyses indicate that the breach of the 84 Ash Pond would likely overtop US 421 by 
approximately 2 feet.  Additionally, it is apparent that a breach of the 84 Ash Pond could potentially 
affect commercial properties located along the flowpath to the east of the embankment.  The locations of 
the properties that could be affected by a potential breach are depicted in the inundation maps provided in 
the Appendix. 
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10.0  Abbreviations 

 
AF   acre-feet 
cfs   cubic feet per second 
FEMA   Federal Emergency Management Agency 
ft   feet 
GIS   geographic information system 
HEC-RAS  Hydrologic Engineering Center – River Analysis System 
HW   headwater (HEC-RAS) 
NAVD   National Geodetic Vertical Datum of 1929 
NOAA   National Oceanic and Atmospheric Agency 
PMP   Probable Maximum Precipitation 
RS   River Station (HEC-RAS) 
TW   tailwater (HEC-RAS) 
USGS    United States Geological Survey 
WS   water surface (HEC-RAS)
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84 Ash Pond – Aerial Inundation Map 
 

84 Ash Pond – Topographical Inundation Map 
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ADDITIONAL INSPECTION QUESTIONS  

Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or 

other unsuitable materials?  If there is no information just note that.   

 Possible ash materials were encountered in borings from a subsurface investigation of the 1971 Ash Pond 

Embankment.  There is potential that at least a portion of the impoundment was built over ash material. 

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 

the foundation preparation?  

No 

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 

or patchwork on the dikes?  

No 
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ADDITIONAL INSPECTION QUESTIONS  

Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or 

other unsuitable materials?  If there is no information just note that.   

 No ash materials were documented in the subsurface investigation. 

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning 

the foundation preparation?  

No 

From the site visit or from photographic documentation, was there evidence of prior releases, failures, 

or patchwork on the dikes?  

Yes. In September of 2010, an intense local rainfall event of approximately 20 inches caused minor 

overflow of the 1984 Ash Pond primary dike leading to down cut erosion along the dike exterior. It 

was noted that all ash was contained on site. Progress Energy provided documentation that the dike has 

been repaired and approved by NCDENR. 
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